H epatitis C has emerged as an important public health problem that has affected 3.9 million Americans and 170 million people worldwide and is currently the most common indication for orthotopic liver transplantation. The disease, characterized by asymptomatic onset, is often discovered incidentally through blood tests obtained during routine physical examination or before blood donation. Spontaneous recovery occurs in about 20% of patients. Among those who remain chronically infected, an equal percentage progress to cirrhosis within 20 yr, have stable nonprogressive disease, or progress more slowly over 40 to 60 yr. At present, combination therapy with interferon plus ribavirin is the treatment of choice for hepatitis C-infected patients identified as appropriate candidates for therapy. Unfortunately, sustained response rates are only modest, with a lesser response among African Americans, and treatment is associated with a number of side effects. Research studies attempting to improve the response to current therapy, to identify alternative treatments or treatment strategies, and to develop an effective vaccine are ongoing and will hopefully provide us with the ability to better understand and manage hepatitis C virus.
Introduction
Hepatitis C is one of the most common causes of chronic liver disease in the United States, where it has emerged as a significant public health problem in recent years. Approximately 3.9 million Americans have antibody to hepatitis C virus (anti-HCV 1 ), and 2.7 million (74%) of those individuals have the virus HCV RNA in their serum, which indicates ongoing infection (Alter 1995a ). An estimated 20% of persons with chronic hepatitis C virus (HCV 1 ) infection develop cirrhosis over the course of 25 yr, and some will progress to end-stage liver disease and hepatocellular carcinoma (HCC 1 ) (Alter et al. 1992 ). In the United States, HCV causes an estimated 10,000 deaths annually and is the most common indication for orthotopic liver transplantation (Pessoa and Wright 1997) .
Hepatitis C was initially referred to as non-A, non-B hepatitis and was believed to be a relatively mild disease because the clinical manifestations noted among those infected with hepatitis A or B were rarely observed (Dienstag 1983) . In the late 1970s, reports of infection of primates after exposure to HCV-infected human serum followed by a subsequent report of HCV infection after a needlestick injury resulted in the identification of hepatitis C as a distinct and transmissible hepatitis virus (Seeff 1991; Tabor et al. 1978 Tabor et al. , 1981 . Early epidemiological studies led to the observation that one half of the individuals infected with HCV had persistently elevated aminotransferase levels despite the absence of symptoms, 20% of patients had histological findings on liver biopsy that included moderate to marked fibrosis and cirrhosis, and 75% of persons failed to resolve their infection Alter et al. 1999 ). An association between HCV and HCC was subsequently observed (Gilliam et al. 1984) . The asymptomatic nature of acute HCV infection and the high percentage of persistence to chronic infection accompanied by the potential to progress to end-stage liver disease or hepatocellular carcinoma indicate that HCV is a disease of considerable importance.
Virology
Hepatitis C is a member of the Flaviviridae family of viruses, which includes the pestiviruses, flaviviruses, and hepacivirus (Rice 1996) . It is a small, enveloped RNA virus with a positive-sense single-stranded genome of approximately 9600 nucleotides. The viral nucleocapsid consists of the core protein and the viral genomic RNA enveloped by a bilayer of two glycoproteins E1 and E2; however, the detailed structure of the assembled virion is unknown.
The HCV genome contains a single open reading frame (ORF 1 ) flanked at each end by untranslated regions (Major and Feinstone 1997) . Translation of the ORF produces a polyprotein precursor, which is cleaved into at least 10 proteins. The three structural proteins are cleaved within the endoplasmic reticulum (ER 1 ) (Hijikata et al. 1991; Reed and Rice 1998; Rice 1996) . The core protein is highly conserved, contains 191 amino acids, and has a molecular mass of 21 kD (Bukh 1994; Forns and Bukh 1999; Hijikata et al. 1991) . Binding of the core to the 5' untranslated region may be important for encapsidation and particle assembly (Hwang et al. 1995) . In addition, the C terminus of the core contains a protein that acts to transport E1 into the ER. In vitro models of oncogenesis suggest that HCV core protein can react with cellular proto-oncogenes and may be responsible for the development of steatohepatitis and hepatocellular carcinoma (Ray et al. 1996) .
The E1 and E2 envelope proteins are N-glycosylated proteins with molecular masses of 31 kD and 70 kD, respectively (Reed and Rice 1998; Rice 1996) . Two forms of the E2 protein exist; E2 and E2-p7 (Lin et al. 1994; Mizushima et al. 1994) . The function of the small, hydrophobic p7 protein, which is incompletely cleaved from E2, is unknown. The E1 and E2 proteins contain C-terminal hydrophobic domains and are thought to function as heterodimers that are stabilized within the ER (Dubuisson et al. 1994) . It has been suggested that retention of HCV E1 and E2 glycoproteins in the ER is indicative of HCV budding and subsequent enveloping within this compartment (Rice 1996) . The E1 and E2 proteins of different HCV isolates are highly heterogeneous. The N-terminus of the E2 protein contains two hypervariable regions, one of which may represent a neutralization domain. Although the mechanism by which HCV gains entry into the hepatocyte is unknown, it has been postulated that E1 and E2 proteins may be involved in receptor binding and fusion (Forns and Bukh 1999) .
Seven nonstructural (NS 1 ) proteins are encoded by the ORF of HCV. The NS2 gene encodes a hydrophobic protein, which forms a zinc-dependent, cysteine protease (together with the N-terminal third of the NS3 protein) (Hijikata et al. 1993a; Reed and Rice 1998 ). This protease is responsible for the cleavage at the NS2/3 junction. The NS3 gene encodes a 70-kD protein with many functions. The N-terminal of NS3 has serine-protease activity, which cleaves NS3/4A, 4A/4B, 4B/5A, and 5A/5B junctions (De Francesco et al. 1998; Hijikata et al. 1993b; Honda et al. 1994) . NS4A functions as an essential cofactor in the processing of NS3/4A and NS4B/5A and forms a stable complex with the serine-protease of NS3 (Reed and Rice 1998) . The three-dimensional crystal structure of the NS3 protease domain and the NS3 protease/NS4A cofactor complex have been described recently (Kim et al. 1996; Love et al. 1996) . The enzyme contains a zinc atom and assumes a chymotrypsin-like folding pattern. It was hoped that understanding the structure might make it possible to develop specific inhibitors of viral replication, but this development has proved difficult. An RNA helicase and NTPase are located at the C-terminus of the NS3 protein.
The helicase is responsible for unwinding the RNA during replication using the energy generated by NTPase hydrolysis (Susuki et al. 1993; Tai et al. 1996) .
The function of the NS4B and NS5A proteins is unknown, although it has been postulated that the phosphorylated NS5A may regulate protein-protein and protein-nucleic acid interactions . A region of the NS5A protein containing amino acids 2209 to 2248 has been suggested as the area determining the host IFN-mediated antiviral response . Mutations in this area correlate with sensitivity of HCV genotype 1b viruses to interferon (IFN 1 ) therapy. NS5B is a 68-kD RNA-dependent RNA polymerase. It is able to bind and copy different RNA templates without use of an exogenous priming mechanism; rather, it uses the 3′ nucleotide of the template to prime synthesis of the complementary strand. It is believed that the HCV RNA polymerase might be a target for inhibition of viral replication (Bartholomeusz et al. 1994 ).
Genotype
HCV exists as multiple genotypes that reflect differences as high as 35% . Sequence analysis of the E1 gene and the core gene identified six major genotypes with 12 subtypes (Bukh et al. 1993) . Analysis of the NS5B gene has identified the same six major genotypes and 11 subtypes; however, analyses of the full-length ORF confirmed the original classification Simmonds et al. 1993) . By analyzing isolates from around the world, more than 100 subtypes have been described within genotypes 1, 2, 3, 4, and 6.
Although all genotypes can be found worldwide, clear geographic distributions of genotype exist (Bukh et al. 1995; Forns and Bukh 1998; Maertens and Stuyver 1997) . Genotypes 1a, 1b, 2a, 2b, 2c, and 3a account for >90% of HCV infections in North and South America, Europe, Russia, China, Japan, Australia, and New Zealand. Genotypes 1a and 1b are responsible for 80% (each 40%) of the HCV isolates in the United States. Genotype 1b accounts for approximately two thirds of HCV isolates in Southern Europe, China, Russia, and Japan. Genotype non-3a subtypes are highly prevalent in Nepal, Bangladesh, India, and Pakistan. Genotype 4a is most prevalent in Egypt. Genotype 5a is isolated in 50% of HCV-infected persons in South Africa. Genotype 6 is found in Southeast Asia.
Quasispecies
By definition, the term "quasispecies" refers to the genetic heterogeneity within an individual that results from infection with a heterogeneous virus population or the accumulation of mutations that occur over the course of infection (Forns and Bukh 1999) . Because all viral species contained within a viral inoculum may not have the capacity to cause infection equally, a new dominant species may result from a mutation or from the selection of a pre-existing minor viral species (Domingo et al. 1994; Eigen 1996) . Sequence analysis of HCV in cases infected 8 to 13 yr suggests that HCV has a relatively high mutation rate-1.44 to 1.92 × 10 -3 nucleotide substitutions/genome site/yr (Ogata et al. 1991; ). Farci and colleagues (1996) performed an extensive sequence analysis of the viral genome population in the acute-phase plasma of a patient with post-transfusion HCV. A total of 104 molecular clones were sequenced and at least 19 viral strains were present simultaneously, the most prevalent making up 69% of the population. Analysis of subgenomic regions revealed that heterogeneity existed throughout the entire genome, and sequence analysis of 18 full-length HCV ORFs failed to identify any identical strains. Similar results were obtained by separate investigators who analyzed genome sequences in chimpanzees experimentally infected with HCV (Yanagi et al. 1998) . These data suggest that studying quasispecies within a short subgenomic region may be problematic because heterogeneity exists throughout the genome. In addition, it has been noted that polymerase mistakes introduced during RNA amplification may result in minor false quasipecies.
The quasispecies composition of HCV within an infected individual may have great clinical significance inasmuch as several studies have suggested that quasispecies complexity might influence the severity of HCV-associated liver disease and the response to interferon therapy. Two studies have demonstrated a direct correlation between quasispecies diversity and the progression of liver disease, and a third has suggested that the degree of quasispecies hetereogeneity at the onset of HCV infection can be used to predict long-term outcome (Farci et al. 2000; Honda et al. 1994; Koizumi et al. 1995) . By contrast, studies evaluating the effect of HCV quasispecies on response to therapy have noted a reciprocal relation between diversity and IFN response: the less divergent the species, the greater the IFN response (GonzalezPeralta et al. 1996; Okada et al. 1992; Polyak et al. 1997 ). In addition, HCV quasispecies may play a role in viral persistence because it appears that selective pressure allows the emergence of new dominant strains to escape the most recent immune response (Forns and Bukh 1998) . The relative ease with which HCV is able to escape immune pressure makes it difficult to formulate neutralizing antibodies that could be used in vaccine development. Efforts are currently under way to identify an appropriate cell-culture system that would provide a greater understanding of HCV molecular virology and assist in the development of therapeutic agents.
Diagnosis
Hepatitis C is transmitted through contact with infected whole blood, blood products, or body fluids Conrad et al. 1995; Makris et al. 1993; Pereira et al. 1992 ). In the United States before 1991, the leading mode of transmission was receipt of HCV-contaminated blood transfusion. However, after the introduction of routine blood screening in 1990 and direct testing for HCV in 1992, transfusion-related HCV infection has declined dramatically (Alter 1995b; Schreiber et al. 1996) . At present, the most common mode of transmission of HCV in the United States is the sharing of needles by users of illicit drugs. Case control studies have identified other possible risk factors for the transmission of HCV, including health care employment, unprotected sexual intercourse with multiple partners, low socioeconomic status, exposure to household members with a history of HCV, and perinatal transfer, particularly in human immunodeficiency virus-positive coinfected mothers (Alter 1997) . Although HCV infection has been reported with other percutaneous exposures such as body piercing, tattooing, commercial barbering, and folk medicine practices, such transmission has not been documented in the United States.
Data derived from sentinel surveillance studies have suggested that the number of newly acquired acute HCV infections in the United States declined between 1984 and 1995, largely due to the decline in transfusion-associated infections (Alter 1997) . The diagnosis of acute hepatitis C is difficult to make because it is rarely accompanied by symptoms, occurs most frequently in the absence of jaundice, and lacks early markers of infection. Disconcertingly, acute HCV infection progresses to chronic hepatitis in 75 to 80% of cases, although recent data have challenged these numbers suggesting that in some groups, up to 45% of patients may spontaneously recover from HCV infection (Alter 1993; Alter and Seeff 2000) . Most patients with chronic HCV are asymptomatic and are identified only after routine blood work reveals the presence of elevated aminotransferases, which prompts the physician to obtain hepatitis serologies.
Although the diagnosis of hepatitis C requires the identification of HCV RNA in the serum, serological testing for anti-HCV using the enzyme immunoassay (EIA 1 ) is recommended as the initial test of choice (NIH 1997) . The more sensitive and specific second version of the HCV EIA test, EIA-2, contains HCV antigens from the core, NS3, and NS4 regions of the genome. By increasing the number of targeted antigens, the EIA-2 test improves the detection of antibody in infected individuals and allows for earlier detection of HCV antibody . A negative EIA excludes the diagnosis of hepatitis C except in immunocompromised individuals. Patients with a positive EIA (and immunocompromised patients) should have the diagnosis of HCV confirmed by documenting the presence of HCV RNA in the serum.
Assays using polymerase chain reaction (PCR 1 ) or branched-DNA (bDNA 1 ) technology are widely used to measure HCV viral load (Gretch 1997) . A positive PCR or bDNA test identifies HCV infection. A negative HCV RNA by PCR or b-DNA assay usually excludes the diagnosis of HCV except on rare occasions, such as in low-risk (normal alanine transaminase), anti-HCV, positive patient blood donors. Under these circumstances, a recombinant immunoblot assay (RIBA 1 ) is needed to determine whether the positive anti-HCV test represents a true positive (Atrah et al. 1995) . The appearance of bands of different densities from at least two of the four viral proteins on the immunoblot is considered a positive RIBA test and is independent evidence that antibody to HCV is present in the serum. A negative RIBA test indicates that the positive anti-HCV assay by EIA is a falsepositive result. Patients who are positive for anti-HCV by EIA, a negative HCV RNA, and a positive RIBA are considered to have recovered from previous HCV infection (Morishima and Gretch 1999) .
Natural History
The natural history of any illness refers to the uninterrupted course of that disease from its onset to the development of end-stage organ damage, which may or may not result in the death of the affected patient. Implicit within the definition of natural history is the assumption that the onset of the disease is known, that the symptoms are obvious and the progression is easy to follow, and that attempts to cure or alter the course of the disease have not taken place. Hepatitis C is characterized by silent onset and asymptomatic progression, which may take 20 to 40 yr to reach its endpoint (DiBisceglie et al. 1991) . In addition, the majority of patients in whom HCV has been diagnosed before end-stage disease has developed have received some form of therapy. Clearly, these characteristics combine to make a precise assessment of the natural history of hepatitis C extremely difficult.
Early retrospective studies evaluating patients referred to tertiary care centers suggested a high rate of progression to cirrhosis and HCC (Kiyosawa et al. 1990 ). Subsequent prospective studies of patients who developed post-transfusion hepatitis C demonstrated that progression to cirrhosis and cancer was not inevitable. Combining the data from five such trials with follow-up ranging from 4 to 16 yr suggests that chronic hepatitis develops in 62 to 79% of patients and cirrhosis in 1 to 20%, and the development of HCC is rare (Alter and Seeff 2000) . Liver-related mortality in each of the studies was <4%. Extrapolation of these data to the general population is hampered by the relatively short followup period and the fact that these patients received blood transfusions for some underlying disease that may have led to their demise before end-stage HCV might have been expected to occur.
A recent study evaluating blood samples in a repository of 10,000 military recruits in the Air Force between 1948 and 1954 has permitted a heretofore unprecedented 50-yr follow-up of persons infected with HCV . Data could be ascertained from 8,568 individuals. Only 17 of the 8,568 (0.2%) samples in the repository were confirmed to be anti-HCV positive; 11 of the 17 were also HCV RNA positive. Outcome using Veterans Affairs and Medicare files and Social Security and National Death Index tapes revealed a mortality rate of 41% (7/17) in the HCV-positive cohort compared with 26% in the HCV-negative group. Only one of the seven deaths in the HCV-positive group, however, was due to liver disease. Hepatocellular carcinoma was the cause of death in 0.1% of the HCV-negative group, and no HCV-infected patient died of HCC.
Two separate studies of women who inadvertently received HCV-contaminated Rh immune globulin 17 to 20 yr ago also suggest that the natural history of hepatitis C is less progressive than originally thought, at least among young women. The first study of 62,667 Irish women receiving contaminated Rh immune globulin in 1977 identified 704 anti-HCV positive women, of whom 390 (55%) were also HCV RNA positive (Kenny-Walsh 1999) . Mean age at infection with HCV was 28 yr, all women had genotype 1, 30% had other HCV risk factors, and 5% were alcoholic. Liver biopsy data performed on 363 subjects revealed no fibrosis in 49%, periportal or portal fibrosis in 34%, portal to portal or central to portal bridging in 15%, and cirrhosis in 2%. In the second study of 917 women in Germany who also received HCVcontaminated Rh immune globulin, no evidence of chronic hepatitis was found, and only 0.4% of patients had overt cirrhosis 20 yr after infection (Wiese et al. 2000) . These data, as well as data on children (Vogt et al. 1999) , indicate that only a small percentage of young people who are infected progress to severe liver disease during the first 20 yr.
A recent effort has been made to review the world literature in order to assess long-term outcome by using the accumulated data on treatment, histological progression to fibrosis and HCC, and factors responsible for progression of disease (Alter and Seeff 2000) . First, it was recognized that spontaneous clearance of the virus was more common than originally presumed. Second, four projections of potential outcome were presented. In Projection I, progression of HCV was considered to be linear so that over a lifetime, approximately 50% of patients would develop severe liver disease. In Projections II and III, progression of HCV was modeled to accelerate after the first 20 yr with every patient progressing to severe liver disease over the course of 40 to 60 yr. Projection IV assumed that if severe disease had not occurred after 20 yr of infection, it would never occur. Based on the accumulated literature regarding outcome of HCV and the diverse outcomes reported, the authors concluded that HCV progression lies somewhere between Projection I and Projection IV. As a result, of 100 acutely infected HCV patients, approximately 20% would spontaneously recover and 80% would develop persistent infection. Of these 80% with persistent infection, one third would progress to cirrhosis or HCC, one third would have stable disease with no progression, and one third would have an unpredictable outcome. At present it is not possible to predict accurately in a given individual whether the liver disease will remain stable or whether it will advance to cirrhosis or HCC. If the outcome projection mentioned above is correct, the dilemma is to identify the patients most likely to benefit from therapy and the appropriate dose and duration of antiviral treatment necessary to prevent the severe sequelae of HCV infection.
Management
Many treatment trials have been conducted over the past decade to determine the benefit of monotherapy and, subsequently, combination therapy in the management of HCV infection. The early studies of interferon (IFN 1 ) monotherapy (6-mo duration) revealed an end-of-treatment response (ETR 1 ) of approximately 50%, but a sustained response (SR 1 ), defined as continued loss of HCV RNA 6 mo after cessation of therapy, of only 15% (Ahmed and Keeffe 1999) . Studies of ribavirin monotherapy were less promising. More recently, two large randomized controlled trials (one in the United States and one in Europe) have been conducted to compare the effect of IFN monotherapy and combination therapy using IFN plus ribavirin for 24 or 48 wk in treatmentnaive patients (McHutchinson et al. 1998; Poynard et al. 1998) . Both studies used similar patient evaluation, monitoring, and endpoints. Among patients receiving IFN monotherapy, ETR was achieved in 29% regardless of duration of therapy, whereas SR was achieved in 6% of those treated for 24 wk and in 16% of those receiving 48 wk of therapy. By contrast, patients receiving combination therapy for 24 and 48 wk had ETR rates of approximately 50% and SR rates that increased from 33% in those treated for 24 wk to 41% in those receiving 48 wk of therapy.
A subsequent 6-mo trial that compared the efficacy of combination treatment with that of IFN plus placebo in patients with HCV who had relapsed after IFN monotherapy revealed similar results . Patients who received combination treatment had a SR of 49% compared with a SR of 5% in patients receiving IFN plus placebo. Adverse events related to ribavirin were responsible for dose reduction in 12% of the combination therapy group compared with dose reduction in only 3% of the IFN plus placebo group. These data suggest that combination therapy with IFN plus ribavirin is superior to IFN alone or IFN plus placebo in treatment-naïve patients or those who relapsed after IFN monotherapy.
HCV genotype and HCV RNA levels before treatment strongly influenced response to therapy (McHutchinson et al. 1998; Poynard et al. 1998 ). The response rate in patients with genotype 1 was much lower than in patients with genotypes 2 or 3, regardless of duration of therapy or treatment type (although response rates were improved in all genotypes with combination therapy). Interestingly, patients with genotypes 2 and 3 who received combination therapy had similar SR rates (65%) whether treated for 24 or 48 wk. The SR rate among recipients of combination therapy was low among those with both genotype 1 and HCV RNA level >2 million regardless of treatment duration. In patients with genotypes 2 or 3, HCV RNA level appeared to have no effect on response to therapy. Factors found to be predictive of response to therapy were genotypes 2 or 3, low initial serum HCV RNA level, young age (<40 yr), low fibrosis score, and female sex.
Adverse events occur with the use of IFN alone and with combination therapy. The most common side effect of ribavirin use is a dose-related hemolysis of red cells leading to severe anemia (Bodenheimer et al. 1997 ). The hemolysis is noted within 1 to 4 wk of beginning therapy and can be precipitous, resulting in fatigue, shortness of breath, angina, and palpitations. The most common side effect of IFN use is often a self-limited flu-like syndrome that can be partially obviated by pretreatment with acetaminophen (Davis et al. 1989 ). Other less common but more serious adverse events associated with IFN use include bone marrow suppression, resulting in serious decreases in platelet and absolute neutrophil counts, and neuropsychiatric disorders ranging from loss of concentration and memory to irritability and depression and, in rare cases, suicide attempts. These data have led to the recommendation that IFN alone should be used to treat HCV in patients with anemia or those with significant cardiac disease. In addition, severe thrombocytopenia and severe psychiatric illness are considered contraindications to treatment with IFN.
Studies with pegylated IFN (i.e., IFN covalently attached to polyethylene glycol) have been performed in response to suggestions that the poor response rates achieved in the treatment of HCV are due to the short half-life of IFN (Glue et al. 2000) . Alpha IFN has a half-life of 4 to 6 hr, which necessitates thrice weekly dosing, thereby leading to erratic serum concentrations and intermittent peaks and troughs. The covalent attachment of polyethylene glycol to the IFN molecule increases the half-life to 96 hr, thus creating level antiviral concentrations and permitting once-a-week dosing. A multicenter, randomized, controlled trial of pegylated IFN versus alpha IFN in the therapy of previously untreated HCVpositive patients revealed improved SR rates with pegylated IFN but a similar adverse event profile (Shiffman et al. 1999) .
These preliminary data now receive support from two recently reported randomized, controlled trials designed to evaluate the efficacy of a 40-kD pegylated interferon (peginterferon alfa-2a) in comparison with standard interferon alfa-2a Zuezem et al. 2000) . In one study that targeted patients with chronic hepatitis C, almost 90% of whom had neither portal fibrosis nor cirrhosis, recipients of the pegylated interferon (180 µg once a week for 48 wks) had an ETR of 69% and an SR of 39%, whereas recipients of conventional interferon, treated for the same length of time, had an ETR of 28% and an SR of 19% (Zeuzem et al. 2000) . Factors associated with a sustained response included young age, no cirrhosis or fibrosis, and an HCV genotype other than 1. There was no significant difference in the frequency of adverse reactions between the two groups. In the second study, using the same therapeutic regimen, treatment was directed at patients with chronic hepatitis C and cirrhosis . A sustained response, as defined by loss of HCV RNA, was achieved in 30% of recipients of pegylated interferon and in 8% of those treated with conventional interferon. Histological improvement was noted in 54% of those who received pegylated interferon and in 31% of those who received conventional interferon. Interestingly, the histology improved even among those who did not develop a sustained virologic response. Adverse effects included neutropenia and thrombocytopenia, requiring dose modification in some instances. Thus, pegylated interferon is clearly superior to conventional interferon. Studies are currently ongoing to compare the relative efficacies of combined pegylated interferon and ribavirin with the current "gold standard" of the combination of conventional interferon and ribavirin.
Patients who relapse (i.e., individuals whose initial ETR is followed by reappearance of HCV RNA during the 6 mo after cessation of therapy) may respond to retreatment. One such study was undertaken using consensus IFN. Consensus IFN is a genetically engineered molecule containing the most common amino acids from each of several naturally occurring alpha-IFNs. The study, a multicenter open-label trial, involved patients who had received previous treatment with alpha-IFN or low-dose (9-µg) consensus IFN and either had relapsed or had failed to respond to treatment. The patients were then retreated with high-dose (15-µg) consensus IFN for 24 or 48 wk . Among the relapsed patients, sustained response rates occurred in 28% at 24 wk and 58% at 48 wk. Among previous nonresponders, the sustained response rates were 5% at 24 wk and 13% at 48 wk. Consensus IFN was well tolerated, and adverse events were comparable with those occurring in recipients of standard alpha IFN. Based on these data, it appears that consensus IFN may be effective therapy in selected patients who relapse after IFN monotherapy, but it is of no benefit in treating nonresponders.
There are no current published data regarding pegylated IFN for persons who have been treated with current regimens and have relapsed, but such studies are in progress. Similarly, studies are being conducted to determine the efficacy of pegylated IFN for nonresponders.
Currrent Approach to Therapy
Analysis of the data described above indicates that combination therapy is superior to IFN monotherapy and that 48 wk of treatment is preferable to 24 wk in patients with genotype 1. HCV RNA levels at the onset of therapy for female patients aged <40 yr who have a low fibrosis score appear to be correlated with response to therapy. However, the results of other studies (not shown here) suggest that additional factors, including the presence of concurrent infections with HIV or HBV, end-organ damage, and major, uncontrolled depressive illness, may also affect response to treatment or susceptibility to the side effects of treatment (NIH 1997) .
Guidelines currently exist regarding treatment with combination therapy. These guidelines will undoubtedly change as more data on pegylated IFN, with or without ribavirin, become available.
HCV-infected patients who are considered appropriate candidates for treatment include those with moderate to severe fibrosis (Ishak score 3,4) on liver biopsy, with biopsyproven cirrhosis that is clinically compensated (Ishak score 5,6), with modest to severe inflammation even without cirrhosis, and with extrahepatic manifestations of HCV (cryoglobulinemia) without end-organ damage (AASLD 2001) . The benefit of treatment is more controversial in patients with persistently normal aminotransferase levels, younger than 18 or older than 60 yr, and with depression while on current therapy (NIH 1997) . Therapy is not recommended for HCV-infected patients with decompensated cirrhosis, those who are currently drinking alcohol, and those with major depressive illness or severe concurrent medical problems including renal failure, cytopenias, poorly controlled hypertension, diabetes, or coronary heart disease (NIH 1997). Because of data suggesting teratogenic effects in the offspring of IFN-treated rats, as well as fetal loss, HCV-infected pregnant females and any candidates for therapy unwilling or unable to comply with adequate contraception should be excluded from treatment.
The decision to treat should not be based on the presence or absence of symptoms, the mode of acquisition of the virus, the genotype, or the level of HCV RNA in the serum. Before initiating therapy, patients should be informed of the likelihood of response to treatment, the potential for developing side effects, and the importance of contraception during and 6 mo after cessation of therapy to avoid the risk of fetal abnormalities if a pregnancy occurs. A liver biopsy obtained within the previous 1 yr is considered current but is not absolutely required before initiation of therapy. After a history, physical examination, and baseline blood work are obtained to rule out possible contraindications to treatment, combination therapy is begun with subcutaneous injections of IFN at 3 × 10 6 million units thrice weekly and 1200 mg of ribavirin (or 1000 mg if weight is <75kg) daily in two divided doses. Patients are followed weekly for the first month with a history and physical examination, evaluation for the development of any side effects, and a complete blood count (CBC 1 ) obtained to monitor the hemoglobin, platelet count, and absolute neutrophil count. Follow up at monthly intervals begins after week 4 and includes obtaining a hepatic function panel in addition to the CBC. Thyroid-stimulating hormone levels should be measured every 3 mo. Adverse events are managed by either halving the dose of the offending medication, holding the medication for 2 wk and restarting at one half the original dose, or discontinuing the therapy entirely. Adjustments in medication dose are made at the physician's discretion, but the patient retains the right to discontinue therapy at any time upon proper notification of his/her physician.
Six months after initiation of therapy, a CBC, a liver function panel, and an assay for HCV RNA should be assessed in all patients. Therapy should be discontinued in any patient with detectable HCV RNA in the serum, regard-less of genotype, because its presence indicates lack of response. In contrast, ETR is indicated if HCV RNA cannot be detected in the serum of patients with genotypes 2 or 3. At this point, the patient should be evaluated after treatment at monthly intervals for a total of 6 mo. Patients with genotype 1 and undetectable HCV RNA in the serum should continue therapy for an additional 6 mo. HCV RNA should be reassessed at 12 mo in patients with genotype 1 who are receiving a full year of therapy, and after 6 mo of follow-up in all patients who achieved an ETR, regardless of genotype. Reappearance of HCV RNA at the 6-mo-follow-up visit in any patient with a previous ETR is considered relapsed, whereas undetectable HCV RNA 6 mo after cessation of therapy is indicative of a sustained response.
At present, few options exist for patients who relapse after or fail to respond to a full course of combination therapy. Studies are under way to determine whether the combination of pegylated IFN plus ribavirin would be of benefit in such patients.
Areas for Future Research
Despite recent medical advances that have enhanced our understanding of hepatitis C virology and slightly improved our ability to manage hepatitis C, it is clear that several important dilemmas remain. First, improvement of the relatively poor response to treatment must be addressed. At present, combination therapy with IFN and ribavirin is the treatment of choice for patients infected with HCV, but the response rates in patients with genotype 1, the most commonly encountered genotype worldwide, are only 30 to 45%. In addition, combination therapy is associated with a number of side effects that occasionally necessitate dose reduction or discontinuation, further affecting overall response. As noted above, results of treatment trials of pegylated IFN plus ribavirin should lead to modification of treatment guidelines.
A variety of drugs have been investigated alone or in combination with IFN in the hope of maximizing antiviral effect, but results have been disappointing. The use of complementary and alternative medicine for the treatment of a number of chronic illnesses, including hepatitis C, has increased approximately 1.5-fold since the early 1990s (Eisenberg et al. 1998 ). The herb silybum marinarum, or milk thistle, has been used extensively in European and Asian clinics and is reported to be of benefit in some patients. However, it will be important to conduct randomized, placebo-controlled trials to evaluate the safety and efficacy of milk thistle, and other herbs, either alone or in combination with standard HCV therapy before any recommendation can be made regarding use.
Finally, studies of phlebotomy before initiation of HCV therapy have recently gained attention as a means of maximizing virological response. It is well known that increased hepatic iron concentration, whether primary or secondary, is toxic to the liver and can lead to progression or fibrosis and cirrhosis. However, a recent study of iron reduction in HCVinfected patients before and during a 6-month course of interferon monotherapy did not demonstrate improvement in virological SR and Knodell histological activity index (DiBiscegli et al. 2000) .
A second issue of some concern in the United States is the extremely poor response to treatment noted among African Americans infected with HCV. Epidemiological data reveal that African Americans and Caucasians have a similar incidence of acute disease but a disparate prevalence of HCV infection (3.2% in African Americans vs. 1.5% in Caucasians), which is not significant after adjusting for socioeconomic conditions or risk factors (Alter 1999) . However, higher rates of viremia and infection with genotype 1b among African Americans have been reported (Wiley et al. 1999) . Despite the higher prevalence and higher rate of viremia, it appears that African Americans do not have an accelerated rate of progression of disease. In fact, data obtained in 93 African American and 196 non-African American patients early in the course of HCV infection reveal a lower hepatic activity index, a lower baseline alanine transaminase level, and a lower percentage of cirrhosis among African Americans compared with the non-African American cohort (Wiley et al. 1999) . In contrast, an increasing body of data suggests that the SR rate in response to combination therapy among Caucasians may be as high as 45%, whereas the SR rate among African Americans is <5% (McHutchinson et al. 2000) . A recent study has challenged these data, but the study included an extremely small number of African Americans. Despite the small number, differences appear not to be related to HCV RNA levels, mode of acquisition of the virus, compliance with medication regimen, or genotype. A major study, currently in development through support of the National Institutes of Health, will soon begin to determine whether racial/ethnic differences in immune recognition of HCV-infected hepatocytes or antiviral kinetics may play a role in the apparent viral resistance among African Americans.
The development of an HCV vaccine continues to be the focus of intensive investigation. Recent advances in biotechnology have improved the understanding of hepatitis C virus immunology and brought to light several new challenges. An effective HCV vaccine must be able to prevent infection or the progression of infection, protect against the predominant genotypes within the geographic region of use, and be safe and effective for widespread administration. The asymptomatic nature of HCV infection, the relatively high mutation rate of HCV, the geographic differences in predominant HCV genotype, and financial resources are a few of the obstacles that must be surmounted to develop an efficacious vaccine. Alternative treatment strategies include extracellular neutralization of virus, inhibition of viral entry and uncoating, inhibition of host or viral enzymes leading to impairment of intracellular replication, and control of hepatic inflammation. Certainly the development of tissue culture systems and viable animal models of HCV infection will greatly enhance future research in this area.
